Abstract-The recent geodynamics of Sakhalin are determined by the convergence between the Eurasian and North American lithospheric plates, which is reflected in the high seismicity of the island. The method of inversion of the horizontal velocities of the island surface with account for the geological features of the region is used to analyze the different models of the convergence between the plates. This made it possible to esti mate the depth of the mechanical contact between the plates and the velocities of their convergence for the southern, central, and northern segments of the island.
INTRODUCTION
Sakhalin is located in the zone of intense surface deformations related to the interaction between the Eurasian and North American lithospheric plates, the convergence velocity of which ranges in different models from 7 to 14 mm/year [12, 13, 15, 17, 20, 21] . The boundary between these plates is thought to coin cide with the system of main submeridional faults crossing the island: the North Sakhalin, Central Sakhalin, and West Sakhalin [14, 24] . These fault zones are characterized by high seismicity in the form of shallow focus earthquakes, >96% of which occur at depths down to 20 km (Fig. 1a) [4, 5] .
In 1999-2003, a regional network of GPS stations for geodynamic observations was organized through out the island to investigate its surface deformations and displacements. According to the periodic mea surements, the island is dominated by deformations determined by sublatitudinal compression, which is the most intensely (~6 mm/year) accumulated in its southern part [6] . Right lateral shear deformations with a velocity of 5 mm/year are established only in the northern part of the island.
The interseismic surface deformation velocities reflect the interaction of the lithospheric plates under conditions of the mechanical contact between them. The method of inversion of the horizontal velocities of the surface displacements with account for the geolog ical features of the region is used for considering dif ferent models of the convergence between the Eur asian and North American lithospheric plates. The convergence velocity and the depth of the mechanical contact between these plates are established for the southern, central, and northern parts of Sakhalin. These parameters are most important for assessing the seismic potential of the island.
ACTIVE FAULTS AND SEISMICITY
OF SAKHALIN Three main systems of active deep seated faults with a relatively steep westward dip are definable in the crust of Sakhalin (Fig. 1b) : the North Sakhalin, Cen tral Sakhalin, and West Sakhalin [2, [7] [8] [9] 11] .
The North Sakhalin zone is represented by a sub meridional system of updip-strike slip faults that extend along the Sea of Okhotsk coast of the island. The width of the zone of fault line dislocations amounts to 7 km [7] . In 1995, the North Sakhalin zone was subjected to the Neftegorsk interplate earth quake with M = 7.0, which was accompanied by the opening of the Verkhnii Pil'tun seismic rupture [3] and several seismic events with M = 5.0-6.0.
The Central Sakhalin fault zone crosses in the meridional direction practically the entire island. It is represented by a system of fractures, brecciation zones, and fault line folds up to 10 km wide [1] . The zone is characterized by the updip-strike slip fault kinematics. Its recent seismicity is relatively low. At the same time, the paleoseimological studies indicate that the zone is potentially able to generate earth quakes with M = 7.0-7.5 [10] .
The West Sakhalin fault zone extends along the eastern coast of the Tatar Strait, where it is represented by a system of closely interrelated normal and reversed faults. In some works [2, 11] , its continuation is recorded along the western island coast of its northern part in the form of buried fractures. The zone of fault line dislocations is as wide as 10-15 km. The West Sakhalin fault zone is characterized by relatively high seismicity as reflected in several earthquakes with M > 6.5, including the 1971 Moneron earthquake with M = 7.2.
GPS MEASUREMENT DATA For assessing the surface deformation velocities in the convergence zone between the lithospheric plates, we used GPS data obtained at observation points along regional geodynamic networks in the northern, cen tral, and southern segments of Sakhalin Island [6] . The measurements along these networks were con ducted during three days at each observation point with periodicity of once in two to three years. The measurement data were processed using specialized software packages [18, 19] . The high accuracy of the measurement results is attained by including different corrections during their processing.
The velocities of the interseismic horizontal surface displacements in Sakhalin were calculated relative to the Eurasian Plate (Fig. 2) . The movement velocities 
MODEL OF SURFACE DEFORMATIONS IN THE CONVERGENCE ZONE BETWEEN LITHOSPHERIC PLATES
The surface deformations in the convergence zone between the lithospheric plates may be modeled as a homogenous isotropic elastic medium separated by a vertical plane (Fig. 3) . The solution of the 2D problem in the form of the velocity profile U 1 at the surface (along the x axis orthogonal to the plate boundary) has the following form [22] : (1) where U is the velocity of the convergence orthogonal to the plate boundary, H is the depths of the mechani cal contact between the converging plates, and x is the distance to the plate boundary.
The authors of [16] consider the possibility of the presentation of the boundary between the lithospheric plates in the form of several faults with each of them accumulating deformations in response to the interac tion between the plates. In such a situation, the sum of
the velocities at each fault represents the plate conver gence velocity. Then, the velocity of the convergence at the plate boundary represented by two faults should have the following form: (2) where U 1 , H 1 , and x 1 are the convergence velocity, the depth of the mechanical contact zone, and the dis tance to the first fault, respectively, while U 2 , H 2 , and x 2 are the convergence velocity, the depth of the mechanical contact zone, and the distance to the sec ond fault.
The comparison of the modeled and measured velocities allows the solution of the inverse problem: to determine the plate convergence velocity and to esti mate the depths of their contact. For this purpose, it is necessary to minimize the mean square difference between the measured and modeled displacements, which may be implemented by numerical methods of the search for the minimum of function of several vari ables: where y i and U i are the measured and model velocities of the observation points, respectively; σ i is the mea surement error; and N is the number of observation points.
For the confidence interval of 95% (p = 0.05), the assessment of the parameters takes the following form [16] :
where K is the number of unknown parameters of the model, N is the number of data, and F is the confi dence level for K and N.
MODELING RESULTS
Three variants of the plate boundary position are considered for each regional network. For the south ern and central parts of the island, we constructed models with the plate boundary passing along the Central Sakhalin fault, the West Sakhalin fault, and along both faults. Models for the northern part of Sakhalin considered boundaries along the North Sakhalin fault, the inferred continuation of the West Sakhalin faults, and along two faults. The modeling results are compared using the F criterion [23] :
where the parameters χ 2 (r) and χ 2 (p) correspond to the best solutions for the first and second models, respectively; p and r are the number of estimated
parameters; and N-p is the number of degrees of free dom.
For the southern part of Sakhalin Island with the Central Sakhalin fault as the plate boundary (Fig. 4,  table) , the best (in terms of the parameter χ . The modeling of the crustal deformations for the plate boundary in the form of two faults improves the estimate of χ 2 to 2.9. In this case, the plate convergence velocity in the southern part of the island is 10.2 mm/year and the penetration depth of the faults is approximately 20 km. The F criterion values of 15.28 and 5.56 at the level above 95% of the critical value of 3.49 imply that the boundary of the plates in the form of two faults differs from that in the models with a single fault. Thus, the best consistency between the measured and modeled velocities for the southern part of Sakhalin is provided by the plate boundary in form of two faults.
For the central part of the island (Fig. 5, table) , the model of the plate boundary in the form of two faults based on limited data (seven observation points) is com parable with that for the West Sakhalin fault (χ 2 ~ 0.2), while the model of the plate boundary in the Central Sakhalin fault yields χ 2 of 0.52. The convergence velocity of the plates is approximately 8 mm/year.
In the northern part of the island, the best estimate χ 2 = 1.2 was obtained for the boundary between the plates passing along the North Sakhalin fault. The plate convergence velocity is 7.8 mm/year with the mechanical contact being located at a depth of 13 km (Fig. 6, table) . For the model with the plate boundary in the form of two faults (the North Sakhalin fault and the continuation of the West Sakhalin one), the χ 2 value is calculated to be 1.3. At the same time, the solution with the boundary along the North Sakhalin fault exhibits no differences from the model with two faults (F = 0.35 is substantially below 95% compared with the critical value of 3.81). On the other hand, the F criterion of the difference indicates that the model with two faults at the level above 95% differs from that with the boundary along the West Sakhalin fault. Con sequently, in the northern part of the island, the model with the boundary coinciding with the North Sakhalin fault is preferable for velocities orthogonal to the plate boundary.
CONCLUSIONS
The method of inversion of the horizontal veloci ties of the surface deformation in the southern, cen tral, and northern parts of Sakhalin with account for the geological features of the region was used for con sidering different models of the convergence between the Eurasian and North American lithospheric plates.
In the southern part of the island, the best consis tency between the measured and modeled velocities was attained for the boundary between the plates in the form of two faults: the Central Sakhalin and West Sakhalin. The velocity of the convergence between the plates relative to Eurasia is 10.2 mm/year with the depths of the mechanical contact between the faults at 20 km. It is impossible to develop a correct model for the central part of Sakhalin because of the limited data. At the present stage of the studies, the model of the boundary in the form of two faults-the Central Sakhalin and West Sakhalin-is also preferable for this segment of the island. The velocity of the plate convergence for this area is estimated to be 8.0 mm/year and the depth of the mechanical contact between the faults, 30-40 km.
In the northern part of the island, the surface deformations are best consistent with the model solu tion for the boundary between the lithospheric plates passing along the North Sakhalin fault. The velocity of the convergence between the plates and the depth of the contact between the faults are estimated to be 7.8 mm/year and 13 km, respectively.
The calculated velocities of the convergence between the Eurasian and North American lithos pheric plates in Sakhalin within their accuracy (~1 mm/year) are consistent with the recent models of the interaction between the plates based on the global geodetic data [17, 20, 21] . 
